9th Revision, Clinical Modification (ICd-9) codes, academic achievement test scores, teacher ratings, learning disability measures, and direct neuropsychological testing. The published results based on these outcomes have found both an increased risk in cognitive impairment associated with anesthetic exposure or no association. The use of different outcome measures makes the interpretation of these studies difficult and may have contributed to the divergent findings. No study has specifically compared the ability of different types of outcome measures to assess a single group of children exposed to anesthesia.
Using a prospective birth cohort from the Western Australian Pregnancy Cohort (Raine) Study, we recently reported an association between exposure to anesthesia during the first 3 yr of life and deficits in language and abstract reasoning at age of 10 yr, identified by direct neuropsychological testing. 21 The Raine cohort provides the unique opportunity to compare three frequently used neurodevelopmental outcome measures: academic performance, ICd-9-coded diagnoses, and test scores from direct neuropsychological testing. The purpose of this study is to further extend our work with the Raine cohort to (1) evaluate the ability of different outcome measures to determine cognitive differences in children exposed to anesthesia and to (2) determine the risk of impairment estimated by all outcome measures after accounting for demographic, perinatal, and medical illness covariates.
Materials and Methods
The study protocol was approved by the Institutional Review Board at Columbia University (New York, New York) as exempt from written or informed consent.
Data Source
We obtained data from the Western Australian Pregnancy Cohort (Raine) Study, an established birth cohort consisting of 2,868 children born from 1989 to 1992, originally created to evaluate the long-term effects of prenatal ultrasound. The Raine Study enrolled 2,900 pregnant women at 16 to 20 weeks gestation from the major tertiary maternity hospital and nearby private practice medical centers in Perth, Western Australia. Mothers were selected for enrollment if they had sufficient proficiency in English, expected to deliver at the hospital, and intended to remain in Western Australia for follow-up. 22 The Raine Study collected detailed demographic and medical data prenatally and at birth from medical records and parental self report. After birth, all children were assessed at 1, 2, 3, 5, 8, 10, 14, 17, and 20 yr of age. Parents were asked to keep detailed diaries of their child's medical history. during follow-up visits, parents filled out questionnaires describing illnesses and medical problems, which were coded into ICd-9 codes by a research nurse (appendix). Coding was performed under the supervision of a physician as soon as possible after the visit. The most commonly encountered codes were printed in a coding guide, and an ICd-9 reference manual was used to code all medical conditions not found in the coding guide. The research nurse addressed any ambiguities by directly contacting the parents for more specific details regarding the medical conditions. during the analysis, ICd-9 codes found to include additional trailing zeros were truncated during analysis. Rarely, the fifth digit of a code could not be mapped to known ICd-9 codes and the code was truncated to a four-digit code. As there was no direct access to medical records after the perinatal period, including surgical and anesthetic records, the ICd-9 codes were used to identify surgical procedures and medical diagnoses. We classified any child who had a surgical or diagnostic procedure requiring anesthesia before the age of 3 yr as "exposed," and the rest as "unexposed." Children who missed all three scheduled follow-up visits from 1 to 3 yr old were considered "missing" and excluded from further analysis as data on exposure to anesthesia were not available for them. demographic information for missing children was previously evaluated. 21 To ensure exposure to anesthesia, we reviewed the types of procedures, all of which were performed after leaving the maternity hospital. Children who were found to have diagnostic procedures not requiring anesthesia were placed in the unexposed group.
Directly Administered Neuropsychological Tests
According to Raine Study protocol, direct neuropsychological testing was performed at specific follow-up visits with the most extensive testing occurring at the 10-yr follow-up visit. A total of six tests were performed at age of 10 yr, including assessments of language, cognitive function, motor skills, and behavior. Only neuropsychological tests previously demonstrated to be associated with impairment after anesthesia exposure were included in the analyses. 21 These were the Raven's Colored Progressive Matrices, which specifically measured global cognitive performance, nonverbal intelligence, and visuospatial functions, and the Clinical Evaluation of Language Fundamentals (CELF), a language test that assesses higher-order semantic, grammatical, and verbal memory abilities. 23, 24 In addition to an overall total score (CELF-T), the CELF test generated two subscores with Ing et al.
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the receptive language score (CELF-R) measuring listening comprehension and the expressive language score (CELF-E) tracking speaking ability. As in our previous analysis, impairment was defined as children with scores worse than 1.5 Sds than the mean of the entire cohort. 25 These score cutoffs were found to be similar to those normed for American children with the exception of slightly lower CELF-E scores in our Australian cohort. A cutoff of 1.5 Sd was chosen to apply a consistent scale for all assessments, which in previously published works have had clinical impairment defined at various levels including 1, 1.5, or 2 Sd from the mean. [25] [26] [27] [28] [29] 
ICD-9-Coded Mental, Behavioral, and Neurodevelopmental Disorders
International Classification of diseases, 9th Revision, Clinical Modification-coded diagnoses were based on clinician-diagnosed disorders reported by parents during follow-up visits. Mental, behavioral, and neurodevelopmental disorders measured by ICd-9 codes were divided into behavioral disorder (ICd9-B), language and cognitive disorders (ICd9-L/C), or either behavioral or language and cognitive disorders (ICd9-B/L/C). The diagnoses for behavioral disorder included autism, psychological disorders, and attention deficit hyperactivity disorder. The diagnoses for language and cognitive disorder included reading, language, and arithmetical disorders, developmental delay, and mental retardation. A disorder was classified as the presence of an ICd-9-coded clinical disorder from any follow-up visit up to and including the 10-yr follow-up. Individual records were reviewed and children with a diagnosis of a developmental or behavioral disorder preceding anesthesia exposure were excluded from analysis.
Academic Achievement Scores
Academic achievement assessment was based on Western Australian Literacy and Numeracy Assessment standardized test scores. The Western Australian Literacy and Numeracy Assessment is a statewide test used to compare children's performance in literacy and numeracy between Australian States and Territories and is comparable with other Australian statewide assessment programs. Children are tested in grades 3, 5, and 7 with approximately 75% of Western Australian Children assessed. 30 Approximately 23% of children in Western Australia went to private, nongovernment schools and as a result were not tested. These children may come from a higher socioeconomic status than the children who were tested. The remaining untested children may have been exempt from the test due to intellectual impairment, lack of competency in English, or absence during the testing period. Test results were obtained from the Western Australian department of Education and Training for children whose parents agreed to sign a separate consent for the release of the scores. All scores included in this study were from children tested in the fifth grade approximately at age of 10 yr. The Western Australian Literacy and Numeracy Assessment is composed of four separate Western Australian Monitoring Standards in Education (WAMSE) tests, including assessments in numeracy (NWAMSE), reading (RWAMSE), spelling (SWAMSE), and writing (WWAMSE). Failing the minimum achievement standards for each test was classified as a test score below the nationally agreed upon benchmark score, developed between Commonwealth, State, and Territory Ministers for Education.
Comorbid Illness
The level of comorbid illness was assessed and quantified using the Johns Hopkins Adjusted Clinical Groups Case-Mix System (Baltimore, Maryland), which is a system developed by the Johns Hopkins Bloomberg School of Public Health to describe the health status of a population that can be applied to predict past and future healthcare utilization and costs. 31 ICd-9 codes were used to calculate Resource Utilization Band (RUB) scores based on the expected levels of resources used by each child. To assess the level of illness up to the time of cognitive assessment at age of 10 yr, ICd-9 codes from all follow-up visits up to and including age 10 yr were used to calculate the RUB score. ICd-9 codes for mental, behavioral, and neurodevelopmental disorders were excluded from the calculation of RUB scores as they are used as outcome variables. For each child, resource utilization was coded as follows: 0, No diagnoses; 1, Healthy; 2, Low; 3, Moderate; 4, High; and 5, Very High. Children with no diagnoses and verified to have presented for follow-up were collapsed into the healthy category and children in the high and very high utilization groups were also combined. Coding of the RUB score was performed with the Johns Hopkins Adjusted Clinical Groups version 10.0.1 (The Johns Hopkins University, Baltimore, Md).
Statistical Analysis
To directly compare the different outcome measures in a single group of children, a complete case analysis was performed. In this analysis, all children in whom any of the outcomes or covariates was missing were excluded. The outcomes included all neuropsychological, ICd-9-coded, and academic achievement assessments, whereas the covariates included sex, low birth weight (<2,500 g), race, income, and maternal education. This restricted cohort included 781 children with complete data. Chi-square tests were used to assess for an increased likelihood of deficit in exposed compared with unexposed children. Risk ratios and 95% CIs were calculated to determine the strength of the association of deficit with exposure. A modified multivariable Poisson regression model with robust variance was used to adjust for socioeconomic and baseline perinatal health status covariates and generate an adjusted risk ratio (aRR). dichotomized outcomes were subsequently evaluated with tetrachoric correlation to determine whether tests were concordant for measuring neurocognitive deficits. Summary outcomes (CELF-T and ICd9-B/L/C) were excluded from correlation Ing et al.
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analysis, as high correlation with their component outcomes was expected. High positive correlation was defined as 0.7 or greater, moderate correlation as less than 0.7 and 0.4 or greater, and poor correlation as less than 0.4.
To reinforce our primary findings, we confirmed our results and also tested for differences between associations of exposure with each of the outcomes using a repeated-measures approach. [32] [33] [34] Although it is common to perform separate regressions for multiple outcomes, in doing so, the potential correlation between the outcomes is ignored and thus may lead to biased inference (i.e., incorrect standard error estimation). The repeated-measures approach accounts for correlation between outcomes, thus providing proper inference, and also allows for the testing of differences between the estimated coefficients (i.e., associations between anesthetic exposure and each outcome). The use of this modeling can directly test whether any of the cognitive outcomes are more (or less) strongly associated with anesthetic exposure. A multivariate outcome generalized estimating equation Poisson regression was used to calculate risk ratios between outcomes. All cognitive outcomes were coded as repeated measurements within each child. This approach takes into consideration the likely correlation between the different outcomes, while still allowing for the evaluation of outcome-specific effects (i.e., estimated regression coefficients-log-relative risks-for each outcome). By forming the contrast of the difference in the regression coefficients, a direct comparison of the strength of the association between exposure and each of the outcomes was made. 32 A P value less than 0.05 indicated that the ability of one outcome to measure an association with exposure in this cohort was significantly different from another.
However, in complete case analysis, two problems can arise. If the children with missing values are systematically different from the completely observed children, the complete case analysis may be biased. In addition, because we are including a large variety of covariates and outcomes, the number of complete cases is relatively few. 35 To address these issues, the robustness of our findings was assessed by repeating our analysis in the full study cohort of 2,606 children using all available data on individual outcome measures. Children with missing covariates were dropped from the multivariable analysis. This differed from our previous article, where missing covariates were coded as a separate level of each categorical variable. The results from the neuropsychological outcome measures in the analysis of the full cohort have been previously published and are used as a basis of comparison with ICd-9-coded disorder and achievement test outcomes. However, we further expanded on our previous results by incorporating a comorbidity-adjustment covariate in our regression model using data not available for our previous article. As a sensitivity analysis, all academic achievement test scores were also assessed as continuous variables using t tests to determine the existence of mean score differences between exposed and unexposed children. A P value less than 0.05 was considered significant. All statistical analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC).
Results
The Raine cohort consists of 2,868 children, of which 260 children had no history of follow-up from ages 1 to 3 yr and were classified as "missing." All ICd-9-coded mental, behavioral, and neurodevelopmental disorders in the cohort were identified (table 1) . Of all recorded disorders, 60% were language and cognitive in nature and 40% were behavioral. Situations in which a physician identified a behavioral disorder that did not specifically fit a diagnostic condition at the time of assessment were coded as ICd-9 code 306.9: Unspecified Psychophysiological Malfunction. Two children were found to have an ICd-9-coded diagnosis for behavioral or developmental delay before anesthetic exposure and were also excluded. Of the remaining 2,606 children, a subset of 781 had complete covariate and outcomes data at age 10 yr, and 1,825 children had at least one covariate or outcome missing. Of the children with complete outcome and covariate data, 112 children were found to have had procedures requiring anesthesia before their third birthday and classified as "exposed," whereas 669 did not have a history of exposure to anesthesia and were classified as "unexposed." We noted that exposed children were similar to unexposed children except for a higher proportion of boys in the exposed group (table 2) .
Association between Anesthesia Exposure and Deficit in Outcomes
In assessing the individual outcomes in the restricted cohort of 781 children, the incidence of deficit in each outcome was found to be range from 5.1 to 7.8% in the neuropsychological tests, 14.6 to 29.5% in the ICd-9-coded clinical outcomes, and 4.2 to 11.8% in the academic achievement tests. The incidence of ICd-9-coded language and cognitive disorder and deficit measured by all CELF language assessments was significantly higher in the exposed children (table 3) . After adjustment for demographic and perinatal covariates, children exposed to anesthesia had an increased risk of language deficit measured by neuropsychological testing compared with their unexposed peers in all CELF assessments (CELF-T: aRR, 2.47; 95% CI, 1.41 to 4.33, CELF-R: aRR, 2.23; 95% CI, 1.19 to 4.18, and CELF-E: aRR, 2.00; 95% CI, 1.08 to 3.68), as well as increased risk of ICd-9-coded Behavior, Language, and Cognitive disorder (ICd9-B/L/C: aRR, 1.35; 95% CI, 1.05 to 1.75) and ICd-9-coded Language and Cognitive disorder (ICd9-L/C: aRR, 1.57; 95% CI, 1.18 to 2.10) ( fig. 1 ). In contrast, the risk of not achieving national benchmarks in academic achievement for each WAMSE test was not significantly greater in children exposed to anesthesia. To evaluate consolidated academic achievement data from all four individual WAMSE tests, the association between anesthesia exposure and the Ing et al.
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presence of deficit in any of the individual WAMSE tests was also assessed. The risk of not achieving national benchmarks in academic achievement in any WAMSE test was also not significantly greater in children exposed to anesthesia (aRR, 1.27; 95% CI, 0.93 to 1.73).
Correlation between Outcomes
To determine whether tests were identifying deficit in the same children, a tetrachoric correlation analysis was performed (table 4) . High correlation (≥0.7) was found between CELF-R and CELF-E, NWAMSE and RWAMSE, and WWAMSE and SWAMSE. The majority of the other outcomes showed moderate correlation (<0.7 and ≥0.4). ICd-9-coded behavioral disorders however specifically showed poor correlation (<0.4) with all other outcomes except for ICd-9-coded language and cognitive disorders. A subsequent analysis was performed to assess correlation of ICd-9coded behavioral disorders and the presence of behavior and emotional problems assessed by the Child Behavior Checklist, a survey questionnaire evaluated in our previous work. 21 
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We found that the presence of an ICd-9-coded behavioral disorder was moderately correlated with problems identified by all Child Behavior Checklist scores (0.54, 0.55, and 0.65 for tetrachoric correlation with internalizing, externalizing, and total behavior scores, respectively). 36 
Repeated-measures Analysis and Direct Comparison of Outcomes
As a confirmation of our primary objective, using a multivariate generalized estimating equation Poisson regression and fitting all outcomes in a single regression model, 
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we determined that the significant associations between anesthesia exposure and deficit in each outcome did not change from what we found in the individual regression models. The differences in deficit between exposed and unexposed children remained in CELF-T (P < 0.01), CELF-R (P = 0.01), CELF-E (P = 0.03), ICd9-B/L/C (P = 0.02), and ICd9-L/C (P < 0.01), even after taking into account bias from correlated outcomes (table 5). By fitting 
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all outcomes into the same model and directly comparing the regression coefficients, we determined that the ability of CELF to determine a cognitive difference in exposed children was significantly different from RWAMSE (vs. CELF-T: P = 0.03 vs. CELF-R: P = 0.04) and SWAMSE (vs. CELF-T: P = 0.01 vs. CELF-R: P = 0.04), but not NWAMSE and WWAMSE (table 6) . We also found no statistically significant differences between the abilities of ICd-9-coded clinical outcomes and neuropsychological test scores or ICd-9-coded clinical outcomes and academic achievement. 
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Determining Risk of Deficit in Full Cohort with Comorbidity Adjustment
To test the robustness of the findings in our restricted cohort of children in the complete case analysis, we also assessed the full cohort of children. In this analysis, 197 children with missing covariate data were dropped from the multivariable regression model, leaving 305 children exposed to anesthesia and 2,104 unexposed children. After adjusting for demographic and neonatal covariates, a significant association was found between exposure and all measures of ICd-9-coded disorders (ICd9-B/L/C: aRR, 1.57; 95% CI, 1.35 to 1.83, ICd9-B: aRR, 1.46; 95% CI, 1.14 to 1.87, and ICd9-L/C: aRR, 1.75; 95% CI, 1.46 to 2.10) ( fig. 2) . No significant differences were found in academic achievement scores. Significant differences in neuropsychological test scores were found and had been reported in our previous article. To determine whether a time-course effect exists in the ICd-9-coded clinical diagnoses, we assessed the presence of a resolution of diagnoses over time by also evaluating ICd-9-coded disorders exclusively at the age of 10 yr follow-up. We found that at age 10 yr, anesthesia exposure was associated with an increased risk of disorder in ICd9-B/L/C (aRR, 1.42; 95% CI, 1.13 to 1.79) and ICd9-L/C (aRR, 1.66; 95% CI, 1.25 to 2.21), but not ICd9-B (aRR, 1.25; 95% CI, 0.91 to 1.73). As a sensitivity analysis, all academic achievement scores were further assessed as continuous variables using t tests to determine the existence of mean score differences between exposed and unexposed children. No significant differences were found in the mean scores of any of the achievement scores based on anesthesia exposure. Assessment of comorbidity using the Johns Hopkins Adjusted Clinical Groups system identified 192 (8.0%) children in the healthy group, 657 (27.3%) in the low-resource utilization group, 1,435 (59.6%) in the moderate-utilization group, and 125 (5.2%) in the high utilization group. After taking into account all covariates and RUB, significant associations were still found in language (CELF-T: aRR, 1.86; 95% CI, 1.19 to 2.91 and CELF-R: aRR, 1.69; 95% CI, 1.01 to 2.83), reasoning (Colored Progressive Matrices: aRR, 1.79; 95% CI, 1.17 to 2.73), and ICd-9-coded disorders (ICd9-B/L/C: aRR, 1.25; 95% CI, 1.07 to 1.47 and ICd9-L/C: aRR, 1.41; 95% CI, 1.17 to 1.70). 
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Discussion
In this study, we found that when assessing cognition in children exposed to anesthesia at an early age, the results may depend on the outcome measures used. Specifically, neuropsychological testing and ICd-9-coded clinical outcomes were able to measure deficits at age 10 yr in children exposed to anesthesia before age 3 yr, whereas no differences could be identified using any academic achievement scores. direct comparison of all outcomes found that the ability of some neuropsychological tests to determine a cognitive difference in exposed children was significantly better than that in academic achievement scores. We further assessed these outcomes in our complete cohort and calculated an adjusted risk of deficit after anesthesia exposure for each outcome after taking into account comorbid disease and found similar results. The reasons for a lack of an identified difference in children exposed to anesthesia using academic achievement testing may be due to sparing of neurocognitive domains measured by the achievement tests or that these tests may have less sensitivity than neuropsychological testing or clinical measures. The moderate positive correlation between the majority of outcomes other than behavior however suggests that these measures are evaluating similar neurocognitive domains and that the issue of determining deficit lies with less sensitivity in the achievement tests.
To evaluate the robustness of our results and quantify the increased risk of impairment after anesthesia exposure, we evaluated all available scores for each outcome measure. After adjusting for demographic, perinatal, and comorbid illness covariates, an increased risk of deficit was found in language and abstract reasoning measured by neuropsychological testing as well as ICd-9-coded clinical outcome. The aRRs of deficit were higher in neuropsychological testing ranging from 1.69 to 1.86 compared with ICd-9-coded clinical neurodevelopmental disorders ranging from 1.25 to 1.41. These ranges of deficit are consistent with those reported by other investigators. 12, 15, 16, 18, 19 To our knowledge, this is the first study to compare the ability of neuropsychological testing, ICd-9-coded disorders, and academic achievement in a single population to assess differences in children exposed and unexposed to anesthesia. These results indicate that ICd-9-coded neurodevelopmental disorders may be an effective measure of differences in exposed and unexposed children. This is consistent with results from the study by diMaggio et al., 15, 16 who also found an increased risk of ICd-9-coded behavioral and developmental delay in children exposed to anesthesia before the age 3 yr in a Medicaid dataset. A difference in the presence of clinically diagnosed disorders was also reported by Sprung et al., 19 who found an increased incidence of attention deficit hyperactivity disorder after multiple anesthetic exposures. Although we found differences in ICd-9-coded behavioral as well as language and cognitive deficit after adjusting for demographic covariates, differences in clinical behavior disorders were no longer significant at age 10 yr. The lack of a behavioral effect at age 10 yr is consistent with that reported in our previous work using Child Behavior Checklist as an outcome. In this cohort, behavioral abnormalities are also generally poorly correlated with other cognitive measures.
Our results suggest that academic achievement scores may lack the sensitivity to distinguish between exposed and unexposed children, but this may only be applicable to the WAMSE tests. Other achievement tests are likely to vary in sensitivity and may measure different cognitive domains than the ones used in this analysis. Academic achievement scores have been used in the past with mixed results. Block et al. 20 found that children with no neurologic risk factors and exposed to anesthesia during infancy had similar mean scores on the Iowa Tests of Basic Skills and Educational development at ages 7 to 10 yr, but a higher risk of scoring below the fifth percentile compared with that for the unexposed children. Bartels et al. 13 however did not demonstrate a difference in dutch elementary academic achievement test scores assessed at age 12 yr using a twin cohort. Hansen et al. 17 did find an increased proportion of exposed children with test score nonattainment although were unable to demonstrate a difference in mean scores at ages 15 to 16 yr in a danish standardized, nationwide test of academic achievement. This higher nonattainment rate may be suggestive of a developmentally disadvantaged group of children. Wilder et al. 12 found an increased risk of learning disability (calculated with a formula using Wechsler IQ scales and Woodcock Johnson achievement tests) in children with multiple anesthetic exposures. Using the same cohort of children, Flick et al. 18 found that children with multiple exposures to anesthesia had lower total cognitive scores on the California Achievement Test, but the difference was no longer significant after adjustment for covariates.
There are several limitations in our study. Among them are the observational nature of the study, differences in demographics between the exposed and unexposed children, the lack of detailed anesthetic information and medical records, and the attrition of the cohort over time. Although parents were required to keep detailed information about their children, and a trained research nurse performed all ICd-9 coding under the supervision of a physician, the reliance on parental report to communicate clinician-diagnosed disorders could result in miscommunication and therefore misspecification. As a consequence, the ICd-9-coded clinical outcomes used may differ from clinical diagnoses based on ICd-9 codes reported in administrative databases or medical record review and should be interpreted with caution. Part of the association of neurocognitive deficit with anesthesia may also be due to innate differences between children requiring surgery and diagnostic procedures, and those not requiring these procedures. A limitation of our previous work was the inability to account for comorbid disease, which we attempted to address in our current analysis Ing et al.
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by using RUB as a covariate in our regression model. After taking into account RUB in addition to all other covariates, a significant association remained between anesthetic exposure and CELF-T, CELF-R, Colored Progressive Matrices, and ICd9-B/L/C and ICd9-L/C, showing a 25 to 86% increase in deficit compared with unexposed children. Modeling comorbid illness however is complex and it is possible that RUB does not appropriately account for unmeasured differences in children requiring medical procedures. The lack of access to medical records limited our ability to review anesthetic exposure including the duration of anesthesia and specific drugs used as well as intraoperative adverse events. However, during the study period, standard monitors as recommended by the American Society of Anesthesiologists including pulse-oximetry and capnography were in use at the regional children's hospital during all surgical procedures. Because the study period was during a time when the most prevalent volatile anesthetic was halothane, this may be the agent used in the majority of patients. Although halothane is no longer clinically available, it has been found to cause similar neurotoxic effects as other volatile anesthetics in the animal model. 37, 38 In addition, although anesthesia exposure occurred in all children requiring procedures, most also had surgery, and the effects of the inflammatory response of surgical stimulation is still unknown.
The most notable strength of this cohort is the variety of outcomes available in a single group of children. Although the inability of some of these measures to determine a difference may be due to the measurement of unaffected cognitive domains, a difference in test sensitivity may also be responsible. Neurodevelopmental studies of lead, pesticides, and other potential neurotoxins have similarly found that appropriate assessment tools are critical in documenting the effects of exposure. 39, 40 In neurotoxicology studies, sensitive outcomes are particularly important as an effect size of 0.2 Sds can be a clinically significant effect with important public health implications. 39 The geographically isolated nature of Western Australia is likely to result in less migration than other parts of the world, but similar to any cohort study, we experienced loss to follow-up. In our overall cohort, children who were exposed to anesthesia and subsequently failed to follow-up at ages 1, 2, or 3 yr could be misclassified as unexposed children. This would likely bias the result toward the null, or a lack of a difference, resulting in an underestimation of the true difference between exposed and unexposed children. Approximately 23% of children in Western Australia attended private schools and as a result lacked academic achievement scores. However, the untested children are unlikely to influence our primary objective, which was to compare the three types of cognitive measures in children with testing in all outcomes.
Although neuropsychological tests seem to be the most sensitive measures, it is important to also consider other available outcomes. Prospective directly assessed neuropsychological testing is time consuming and expensive to perform and some datasets have clinical diagnoses and academic achievement scores readily available. In addition, although some neuropsychological tests may show a measurable difference, these differences may not be clinically or academically meaningful.
When assessing cognition in children with early exposure to anesthesia, results may depend on the type of outcome measure used. Although the published literature has presented contradictory conclusions, this may be due to the variability in the outcome measures used. Our results show that cognitive differences between children exposed and unexposed to anesthesia at age 3 yr were found at age 10 yr using neuropsychological and ICd-9-coded clinical outcomes, whereas achievement tests showed no difference. This is likely due to a lower test sensitivity in the academic achievement tests used, but important differences may exist between the achievement tests and the analysis in this work compared with previous studies. 12, 13, 17, 18, 20 These results underscore the importance of the outcome measures when interpreting and designing studies assessing anesthetic exposure and cognitive function.
